Background: Silymarin is a flavonoid complex with nephro-protective properties. We evaluated the efficacy of silymarin in the prevention of contrast-induced nephropathy (CIN). Methods: This placebo-controlled clinical trial was conducted on 143 patients with chronic stable angina referring for elective coronary angiography. Patients with low to moderate risk for CIN were included and were randomized to receive silymarin (280 mg) or placebo 2 h before administration of the contrast material. A nonionic, iso-osmolar contrast material was used. Serum creatinine was measured before and 48 h after injection of the contrast material. CIN was defined as an increase in creatinine of ≥0.5 mg/dL or ≥25% from the baseline. Results: Serum creatinine was increased by 0.02 ± 0.07 mg/dL (P = 0.004) with silymarin and by 0.04 ± 0.15 mg/dL (P = 0.008) with placebo after contrast material injection (between group difference = 0.01 ± 0.02 mg/dL, P = 0.881). CIN was occurred less frequently, though statistically nonsignificant, with silymarin compared with placebo (2.9% vs. 
impaired renal function occurs within 48-72 h after administration of the intravascular contrast agent. [1] The mechanisms underlying CIN are not completely understood but seem to be multifactorial. Internal factors such as local hypoxia, oxidative stress, and direct cytotoxic effects of the contrast media interact with the external factors such as dehydration and decreased intravascular volume. [2] The incidence of CIN depends on several factors including contrast material type and volume, presence of comorbidities, and definition of CIN. [3] It ranges from 2% in patients who have no risk factor for CIN to up to 34% in those who are at a high
INTRODUCTION

Contrast-induced nephropathy (CIN) is a serious complication of angiographic procedures in which
Original Article Open Access risk for CIN. [4] The health burden associated with CIN is considerable. [5] Accordingly, effective preventive interventions are required to reduce the incidence of and burden associated with this complication.
Current evidence recommends a number of preventive interventions for CIN such as hydration before the angiographic procedure, minimizing the contrast material dose, and administration of nonionic contrast medium with iso-or low-osmolarity. [6] In addition, clinical trials have indicated efficacy of a number of medications including N-acetylcysteine, [7] theophylline, [8] and statins [9] in preventing CIN. These medications act via various mechanisms including increasing renal perfusion and anti-oxidative as well as anti-inflammatory effects. [7] [8] [9] There are a number of herbal medicines shown to have nephro-protective effects such as Urtica dioica, Parietaria judaica, Rheum palmatum, and Silybum marianum. These herbal medicines have been used for nephropathy due to various insults including diabetes, drug and chemical toxicities, and chronic kidney disease in general. [10] Anti-oxidative effect of these phytomedicines is an important mechanism for their nephro-protective properties. [11] Other proposed mechanisms include an inhibiting angiotensin-converting enzyme and anti-inflammatory properties. [10] S. marianum or milk thistle is a medicinal plant traditionally being used for the treatment of liver diseases. [12] Silymarin is an extract from the seeds of this plant which composed of silybin, silydianin, and silychrisin. [13] This flavonoid complex has potent anti-oxidative effects as well as anti-inflammatory properties. [14] Several studies have indicated the efficacy of silymarin as a complementary treatment for inflammatory liver conditions. [12] Studies also have shown the efficacy of silymarin for drug/chemical nephrotoxicity [15] and diabetic nephropathy. [16] Considering the role of oxidative stress and inflammation in CIN, [17] silymarin is a good candidate for the prevention of this complication. Accordingly, we aimed to evaluate the efficacy of silymarin in the prevention of CIN.
METHODS
Participant and study setting
This study was conducted on patients referring for elective coronary angiography between Jan and Mar 2015 to Noor University Hospital in Isfahan, Iran. Patients with mild to moderate risk for CIN were included in the study. [18] Patients with the following characteristics were not included in the study; unstable angina, myocardial infarction, cardiac arrhythmias, acute or chronic renal insufficiency/failure (estimated glomerular filtration rate [eGFR] <60 mL/min/1.73 m 2 ), acute or decompensate heart failure, diabetes, and intravascular administration of contrast material in the past month. The study was approved by the Ethics Committee of the Isfahan University of Medical Sciences, and informed consent was obtained from patients before entering the study.
Study design and sample size
The study was designed as a double-blind, placebo-controlled trial with two parallel arms including silymarin and placebo. An alphabetical code was assigned for each of the study arms (A and B). An independent investigator placed drugs in opaque and stapled drug pockets. Patients were consecutively entered into the study and were alternately assigned to the study arms. Blinding the attending physicians and patients was achieved by administering a placebo tablet identical in appearance with silymarin. The trial was registered in the Iranian Registry of Clinical Trials (www.irct.ir, registration code: IRCT2014051117648N1). Sample size was calculated as 84 cases in each group considering the significance level of 0.05, study power of 0.8, expecting 10% difference between the two groups in the frequency of CIN, and about 20% drop-out rate.
Intervention
Patients received a single dose of silymarin tablet (280 mg) or placebo tablet 2 h before administration of the contrast material. Silymarin tablets (Livergol ® ), containing standardized ethyl acetate extract of the S. marianum seeds, were purchased from Goldaru Pharmaceutical Company (Isfahan, Iran) and placebo tablets identical in shape and size were obtained from the Isfahan School of Pharmacy (Isfahan, Iran). All patients were hydrated with 0.9% sodium chloride (1 mL/kg/h) for 12 h, started 6 h before the operation and continued to 6 h after the procedure. Patients consuming nonsteroidal anti-inflammatory drugs were advised to discontinue medication from 48 h before to 48 h after angiography. Patients consuming metformin were advised to discontinue it from the day of the procedure to 48 h after angiography. Angiography was done according to the clinical standards, by trans-femoral or trans-radial approach. In all cases, Iodixanol (Visipaque™, Amersham Healthcare, Cork, Ireland) was used as a nonionic contrast media with iso-osmolarity. In average, 45 mL of the Iodixanol (320 mg/mL) was administered to each patient for during the angiographic procedure.
Measurements and study outcomes
Before the operation, all the patients underwent a detailed history and physical examination by a cardiologist. Age and gender were recorded, weight and height were measured, and body mass index was calculated (kg/m 2 ). Fasting blood sugar was measured to rule out undiagnosed diabetes. Serum creatinine was measured before and 48 h after contrast material injection in the hospital laboratory. The CKD-EPI formula was applied for calculating the eGFR. [19] The study outcomes were considered as (1) the amount of change in serum creatinine concentration after 48 h of contrast material injection and (2) CIN which was defined as an increase in serum creatinine of ≥0.5 mg/dL or ≥25% of the baseline creatinine after 48 h of contrast material injection. [18] The secondary outcome was considered as the amount of change in eGFR after 48 h of contrast material injection.
Statistical analyses
Data were analyzed using the SPSS software for windows version 16.0 (SPSS Inc., Chicago, IL., USA). Data are presented as mean ± standard deviation or number (%). The Chi-square test (or Fisher's exact test) was applied for comparison of qualitative data between the two groups. Quantitative data were checked if normally distributed in each group using the Kolmogorov-Smirnov test. Then, the independent sample t-test or the Mann-Whitney U-test was applied for comparison of data between the two groups. The Wilcoxon test was applied for within-group comparisons. In addition, logistic regression analysis was done for controlling the effects of possible confounders. A P < 0.05 was considered significant in all analyses. Odds ratio (OR) and confidence intervals (CI) are reported where relevant.
RESULTS
A total of 393 candidates of coronary angiography were evaluated during the study period; 253 patients were eligible for the study; 60 patients were unwilling to participate mostly due to living far from the study cite and being unable to attend the follow-up visit; 193 patients were allocated into the study groups. All patients received the assigned intervention, but 50 patients did not refer to the second visit [ Figure 1 ]. Demographic data and baseline characteristics of the patients are summarized in Table 1 . There was the difference between the study groups regarding baseline creatinine and eGFR [ Tables 1 and 2 ].
Creatinine level was significantly increased in both groups 48 h after angiography (both P < 0.01) [ Table 2 ]. There was no difference between the study groups regarding the amount of changes in creatinine after angiography (mean difference = 0.01 ± 0.02 mg/dL, P = 0.881). Considering the difference between the study groups in baseline creatinine, the logistic regression test was conducted controlling for baseline serum creatinine concentration as a covariate. Other baseline characteristics were also included into the analysis to find possible predictors of CIN. Compared with placebo, those who received silymarin were less likely, though statistically nonsignificant, to experience CIN after contrast injection (OR [95% CI] = 0.203 [0.037-1.117], P = 0.067) [ Table 3 ]. Changes in serum creatinine from baseline to after angiography while controlling for baseline values are presented in Figure 2 .
DISCUSSION
To our knowledge, this is the first study on the efficacy of silymarin for the prevention of CIN. Although we found no difference between silymarin and placebo in the amount of changes in serum creatinine after angiography, the incidence of CIN was lower with silymarin. However, the difference was not statistically significant due to small sample size of the study. Considering lower baseline serum creatinine in the silymarin compared with the placebo group, it is possible that the observed difference between the two groups in the frequency of CIN is confounded by the baseline creatinine. None of the patients had abnormal baseline creatinine level, and the logistic regression analysis controlling for this factor indicated an independent, albeit nonsignificant, association between silymarin and lower risk for CIN. These results are in favor of the effectiveness of silymarin in preventing CIN in patients with mild to moderate risk undergoing angiographic procedures.
Silymarin is a potent antioxidant and free radical scavenger that inhibits lipid peroxidation and stabilizes cell membrane. [14] It also increases intracellular glutathione [14] which plays a crucial role in the body's anti-oxidant capacity. [20] Silymarin also has anti-inflammatory properties inhibiting T-cell proliferation and cytokine secretion. [21, 22] Although silymarin has been mostly under attention for its liver-protective effects, recent studies have indicated nephro-protective effects of this flavonoid complex as well. [12] Several studies showed that silymarin and its components prevent nephrotoxicity of various drugs such as methotrexate, [23] cisplatin, [24] adriamycin, [25] and gentamicin, [26] as well as chemicals such as arsenic [27] and ferric nitrilotriacetate. [28] In addition, animal and clinical studies have shown nephro-protective effects of silymarin for diabetic nephropathy via abrogating oxidative stress, inflammation, and apoptosis. [29] [30] [31] [32] [33] Considering the role of oxidative stress and inflammation in the pathophysiology of CIN, the observed beneficial effects of silymarin in our study can be attributed to its anti-oxidant and anti-inflammatory effects. Also, there is evidence, albeit scarce, that the same regenerative effects of silymarin on the liver tissue after injury [14] are also seen in renal tissue. [34] However, these possible preventive mechanisms of silymarin for CIN are required to be investigated in further studies.
Our study has a number of limitations. Our allocation method was not precisely randomized resulting in a difference in baseline characteristics of the study groups. However, we conducted a logistic regression analysis to solve this problem. Furthermore, the trial was a single-center study with small sample size and including only patients with mild to moderate risk for CIN, which may reduce the generalizability of the study results. Finally, we monitored our patients for 48 h, while longer follow-ups can provide more information on the efficacy of the preventive measures.
CONCLUSIONS
We found a trend toward the efficacy of silymarin in preventing contrast-induced renal dysfunction in patients undergoing coronary angiography with mild to moderate risk for CIN. Due to a small sample of patients we cannot draw a clear conclusion, and the study results should be interpreted cautiously considering the study limitations. Further trials with different dosage and treatment duration of silymarin, larger sample size, and longer follow-ups, and with including patients with higher risk of CIN are required.
